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ABSTRACT

In this study, interdisciplinary approaches are considered to characterize the coastal zone
aquifer of the Elbe-Weser region in the North of Lower Saxony, Germany. Geological,
hydrogeological, geochemical and geophysical information have been considered to analyze
the current status of the aquifers. All the information collectively states that the salinity
distribution in the subsurface is heterogeneous both horizontally and vertically. Early age
flooding also contributed to this heterogeneity. No general classification of groundwater
quality (according to some piper diagrams) could be identified. Helicopter-borne electro-
magnetic data clearly show the presence of freshwater reserves below the sea near the west
coast. Groundwater recharge largely happens in the moraine ridges (west side of the area)
where both the surface elevation and the groundwater level are high. Consequently,
submarine groundwater discharge occurs from the same place. All these information will
facilitate to develop the planned density driven groundwater flow and transport model for the
study area.

INTRODUCTION

Alike some other countries in the world, the impacts due to climate change in Germany have
been investigated by several researchers (e.g., Brasseur et al. 2017; Frondel et al. 2017,
Rannow et al. 2010) and institutions (e.g., Climate Service Center Germany (GERICS);
Potsdam institute for climate change impact research (PIK)). According to the Umwelt-
bundesamt (2015), the yearly average temperature in Germany may increase by 0.5°C and
more for the period of 2021-2050. The precipitation in future might decrease during June to
August and increase during December to February. The northern half of Germany,
surrounded by several rivers (Elbe, Weser, Ems etc.) is considered to be the most potentially
affected area (Umweltbundesamt 2015). The coastal zone of the northern part of Lower
Saxony is vulnerable to the potential adverse impacts (such as sea level rise) (Sterr 2008)
due to climate change. The drinking and industrial water supply and agriculture largely
depend on the fresh groundwater reserve at this region. Understanding the impact of climate
change on the groundwater reserve is very much essential at this place. Efficient
management of available freshwater reserves in a coastal aquifer needs proper
characterization of the groundwater catchment. For better understanding and detailed
characterization of coastal groundwater aquifers, several scientific and technical issues
should be investigated intensively. An efficient integration between traditional and
innovative methods/techniques can facilitate the aquifer characterization enormously. This
study applies an interdisciplinary approach to characterize the coastal zone aquifer in
Northern Germany.
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Background and objective

This study is a part of an ongoing EU financed project - TOPSOIL (2015-2020). TOPSOIL
project (www.topsoil.eu) focuses to develop diverse methods and techniques to monitor,
model and improve the management of the subsurface. Sixteen pilot projects from five EU
countries such as Belgium, Denmark, the UK, Germany and the Netherlands were selected to
develop the approaches jointly. These will help to predict climate change impacts, including
urban flooding, saltwater intrusion, groundwater quality and available quantity, as well as
the impact on changing near surface soil conditions. The main research focus of this pilot
area is to assess the salt water and fresh water dynamics in the aquifer that is important for
estimating future fresh groundwater reserve. Hence, development of a density driven
groundwater flow and transport model have been planned. This paper reports about the
characterization of the groundwater aquifers that will facilitate the development of
groundwater model. For the aquifer characterization, an interdisciplinary approach has been
formulated. This paper also briefly demonstrates how the interdisciplinary approach supports
efficiently the catchment characterization.
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Figure 1. Study area showing topography, major rivers (Elbe and Oste) and
groundwater (GW) quality sampling stations for Figure 4.

Study area

The study area (ca. 1700 km?) is surrounded by the North Sea in the North and the West (ca.
81 km coastline). Elbe River constitutes the east boundary with 35 km long reach. Another
major river within the area is the Oste. The topography is relatively flat with some hills
(Geest) in the West and the South (ranges between -2.11 m ASL (above sea level) to 73.3 m
ASL). The study area is between the moraine ridges of Altenwalde (W) and the River Elbe
(E) including the Hadelner Marsh that is widely used for agriculture. It is characterized
through low groundwater recharge (ranges between 51 mm/year and 150 mm/year) with
saltwater intrusion in the marsh area and high groundwater recharge (ranges between 101
mm/year and 400 mm/year) with a high water table (>10 m ASL) (NIBIS® Kartenserver,
2014a) in the moraine ridges. Most of the recharge occurs during November to January.

The geology of Elbe-Weser region is characterized by Quaternary glacial and interglacial
periods. During the Elsterian and the Saalian glaciation, the glacial maximum reached the
Central German Uplands, thus the Elbe-Weser region was completely covered by ice several
times (Ehlers et al. 2011). During this time massive glaciofluvial sediment bodies were
deposited, mainly consisting of sand and gravel. Besides, during the Elsterian glaciation
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WXQQHO YDOOH\V XS WR P GHSWK ZHUH IRUPHG E\ VXEJ!
E\ JODFLRIOXYLDO axDdEd by Katalled Oa@ehbukger Clay’ (Kuster and

OH\HU 'XH WR VHD OHYHO ULVH LQ WKH IROORZLQJ (H
WKH UHJLRQ ERXQ Gidges & Lail KddelR RI&FDdt 8. H985). The maximum

Rl WKH :HLFKVHOLDQ JODFL DWeteRreZion (Steeif@iid WostdrHDYHK WKH (C
VR WKDW WKH DUHD LV RQO\ LQIOXHQFHG E\ SURJODFLDO
PDULQH V H GdiatdhidsMvelre deposited (Streif and Koster 1978).

30HLVWRFHQH DQG SDUWO\ 30LRFHQH VDQG DQG JUDYHO
UHJLRQ ZLWK ORFDO YDULDWLRQV 7KH XSSHUPRVW JURXQ
‘HLFKVHOLDQ IOXYLDWLOH VDQG DQG JODFLRIOXYLDO VDC
8QWHUZHVHU O0DUVK DQG WKH *HHVW DUHD 30OHLVWRFHQH
YDOOH\ DTXLIHU FRQVLVWV Rl (OVWHULDQ JODFLRIOXYLDC
WKH WXQQHO YDOOH\ DTXLIHU DQG WKH VXUURXQGLQJ
IDXHQEXUJHU &OD\ LV WKH PRVW LPSRUWDQW VHSDUDWF
DTXLIHUV (OEUDFKW HW DO YDOXH3/UDWOWK H RIHG K R '@ LLYD

DQG PV 5HXWWHU &RKHVLYH +RORFHQH VHGLPHQ\
SURWHFWLYH OD\HU IRU WKH JURXQGZDWHU ZKHUHDV WKI
PRUDLQH ULGJHV LV YHU\ ORZ *URXQGZDWHU LQ PDUVKOD
PRUDLQH ULGJHV ZKHUH JURXQGZDWHU LV IUHVK (OEUDFK
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,Q WKLV VWXG\ DQ LQWHUGLVFLSOLQDU\ DSSURDFK KDV
JURXQGZDWHU FDWFKPHQW 7KLV LQWHUGLVFLSOLQDU\ I
JHRFKHPLFDO DQG JHRSK\VLFDO DQDO\VLV RI VHFRQGDU\
VHYHUDO JHRSK\WLFDO PHWKRGY DUH DYDLODEOH DW WKH
DQDO\WLV WR RQO\ KHOLFRSWHU ERUQH HOHFWURPDJQHW|
WKH KRUL]JRQWDO DQG YHUWLFDO YDULDELOLW\ RI VDOLQL
EHHQ FRQVLGHUHG WR DQDO\]H WKH DTXLIHU VWUXFWXUH
LQIRUPDWLRQ LV WR GHWHUPLQH WKH H[WHQW RI JURX
VDOLQL]DWLRQ SURFHVV $00 WKHVH LQIRUPDWLRQ FDQ E
DQG WUDQVSRUW PRGHO FDOLEUDWLRQ DQG YDOLGDWLRC(
GHYHORSPHQW RI DQ DGDSWDWLRQ VWUDWHJ\ IRU FOLPDYV
SODQQLQJ IRU JURXQGZDWHU ZLWKGUDZDO VWUDWHJI\ HWF

+(0 GDWD KDYH EHHQ REWDLQHG IURP WKH HGHUDO ,QV
5HVRXUFHYV %*5 *HUPDQ\ *HRORJLFDO DQG K\GURJHROTF
from the archive of the Geological Survey of Lower Saxony (LBEG), Germany. LBEG’s
GDWDEDVH RI P*52:$ +HUUPDQQ HW DO SURYLGHG XVl
DQG WHPSRUDO YDULDWLRQ RI UHFKDUJH /RZHU 6D[RQ\ G
FRQVHUYDWLRQ 1/:.1 *HUPDQ\ SURYLGHG LQIRUPDWLR
JURXQGZDWHU TXDOLW\
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*HRSK\VLFDO LQYHVWLJIJDWLRQ RI WKH VWXG\ DUHD

+(0 GDWD SURYLGHV LQIRUPDWLRQ DERXW WKH UHVLVWLYL
IRU VDOLQLW\ GLVWULEXWLRQ /RZ UHVLVWLYLW\ YDOXHYV















